J/p^ Y -v :- ' - 2$L« (Amended) The assay platform according to claim 1 wherein 
polymer matrix* binds to polypeptide target molecules having a motecuiar 
weight up to 35$ kDa in an amount of at least 2 ufttem 2 . - -" : 



26. (Amended) The assay platform according to claim 1 wherein 
the binding ligand binds to a polynucleotide target molecule. 

Zt- (Amended) ' The : ass^y - platform according - to ^elaifit 1 
v /Wherein me bindiW ; 

28. \(Amended) The assay platform according to claim 1 wherein 



the binding ligand bintos to a DMA target molecule. 



REMARK 

Claim 1 has been amended to recite that the polymer matrix -binds 
to- target molecules -through a binding ligand^. Support for this amendment is 
found in the specification at, for example, pages 5-6, |0016 and original daim 1. 
See In re Gardner, 177USPQ 396, 397 (CCPA 1973) and MPEP §§ 608.01(o) 
and (I). Claims 16-23 and 26-28 have been amended to conform with the 
amendments to claim 1 wherein "is capable of binding/ has been replaced with - 
binds to-. 

Claim 10 has been amended to add -Matrix Assisted Laser 
Desorption Ionization-, which is the acronym for "MALDI." Support for this 
amendment is found in the specification at, for example, page 4, fD013. 
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Rortrietlon RaaUirmmm 

As requested by the Examiner in the Office Acton* election of the 
subject matter of Group f^e., claims 1-38) is affirmed. (See Paper No. 5 at 1-4). 

$113 Rfrttffrfll • .. K,. V;:,v.-s .«rt3 «. r :'>*r 

• l c Claims 1 , 10-23 and 26-28 have been rejected under 35 USC §1 12, 
secoM paragraph. (Paper No*5at4); ; in making the rejection, the Examiner 
asserted that the term "capable .of] I*. vague and Indefinite because "pjt is unclear 
if the polymer matrix or the binding ligand actually does whatls claimed." t</d.)- 

Initially, we direct the Examiner's attention to, peges>5-6, f QQ16 of 
the specification, wherein tfie phrase "polymer matrix" is defined to comprise "a 
pluraJity of Dcrtymer molecules wrterein at least some, <^ 
have at least one binding, jigartd cov tfcat >b!hding 

ligand shall be understood to mean a moiety foat binds to a target molecule 
Thus, the polymer matrix does bind to, or is capable of binding to, a target 
r^tecu^ through the binding ligand. One skilled in the art when reading the 
claims, especially in light of the specification, would have been able to ascertain 
with a reasonable degree of precision and particularity the particular area set put 
and circumscribed by the claims. [See e,g. Extparte Wu, 10 USPQ2d 2031, 
2032-33 (BPA1 1989). Nothing more is required; > ,v 

• fSy ,., ■;• With a view toward furthering prosecution, however, claim 1 has 
been amended to recite that the polymer matrix binds to target molecules 
through a binding ligand " Claims 16-23 and 26-28 also have been amended to 
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conform with- the amendment to claim 1. In view of the vforegoing, ft is 
respectfully submitted that- claims 16-23 and 26-28 are clear and thai the 
rejetfkm stould be withdrawn. ; ~ '■ ~ "»h 

Claim 10 was also rejected under §112, second paragraph (Paper 
No. 5 at 4). In making this rejection, the Examiner asserted that "R|he acronym 
'MALDI* ... is not defined in the claim so that »wSe who are ordinary skills in the 
art would know applicant intended meaning." (kf ). "• ..* *m v # •»*».;:'. • 

. :i. With a view toward furthering prosecution, ctaim 10 has teen 
amended to include the phrase "Matrix Assisted Laser Desorption Ionization" for 
which "MALDI" is an acronym. Accordingly, the ;rejection has been rendered 
moot and should be wlndrawn. ' * 

For the reasons set forth above each rejection under §112, second 
paragraph has been rendered moot AcwrdingJy, withdrawal of each rejection, 
respectfully is requested. ' v - i -' . ■ .-v.-^vr {p .. ' : : ' v 

Claims 1-9, 12-23 and 26-30 have been rejected under 35 USC 
§102(b) as anticipated by International Publication No. WO 92/03732 assigned to 
Bioprobe international, inc. ("Bioprobe"). (Paper No. 5 at 5). 

For the reasons set forth below, the rejection, respectfully, is 

traversed. 

In making me rejection; the Examiner asserted that Bioprobe 

Q 

leaches an assay platform that has a coating material ... for use in assay O 
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methods lnvolving:solid phase materials (pg. 3, Ones 28-32; page 4, tines 8-2$ 
pg. 6, tines 32-35 to pg. 7, line 19) ... [that the) coating comprise a polymer such 
as dextran (pg. 10, lines. 7-21) that binds to the solid phase materials ... [that a] 
spacer Is also included ... (pg. 7, fines 30*35 tapg.8, lines 1-2; pg. 8. lines 25-35 
to pg. 9, Hnes 1-26) ... [and ttwt the) ligand feiconiprised of bkrfogically active 
molecules to target molecules sucr^as DNAand RNA<pg. 9. lines 27-35)." 

Tr« Examiner men <»n(Suded that matrix of 

the reference [Bioprobe] contains all of the features required by the instant assay 
platform, i.e., the polymer binds to the substrate, the polymers are crosslinked to 
other polymers and attached to a tigand, ii inhet^ ti)al the density of the 
polymer of thj^Jjefe^ence would also be at least 2'jj#cm 2 ." [emphasis added]. 

(^•)* i •.' : '--f;i'>';r ; f; fjo-i,. W ."V '-"it:.. .Hi'.": bind:' '} 



jlfcprobe discloses 'cornposfoxtt and rr«thods fair preparation of 
assay systems, in particular, "solid phase" systems, (p. 1, Ins. 7-8). In the assay 
system, Bioprobe discloses Nuater-soluble compounds, (both monomers and 
polymers) including hydrophobic moieties that bind tightly to. e.g., the plastics 
commonly used as solid phases (p. 3, In. 33 - p. 4, In. 1). These 
compounds "further carry reactive functional groups (e.g., hydrazkte or 2-(N- 
methytpyridyl groups) which form stable covate/rt bond* with ligands ...." (p. 4, 
Ins. 1-4). Bioprobe discloses a general formula for such reagents as: ■::«■, 

• : (R H -)xA(-X) y s •• ^ 

wherein R H "represents a hydrophobic moiety which develops substantial 
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nonspecific Interactions with a hydrophobic material, such as solid phase ("■) 
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materials .... (let at Ins^drtSfr. Bioprobe further distinguishes between the type of 
binding between (1) the solid phase rnaterial and the coating material and (2) the 
coating material and the Rgand: i\- -iiw. -f 

Mis The desired coating material is provided in a hybrid < v 
form as a combination of (1) one or more hydrophobic 
moieties designed to maximize and tterefcro stabilize - AO) - 
the nonspecific binding of the coating material with 

-\x'^.«. the solid phase materials, and ;(2) reectiver£roup8 •:.'•« P-m**.i 
capable of forming stabta covahnt bonds with 
a ( Hgand of interest in a specific rnai^i i^T.lha. 1^ ; '-Mts'.j'j 

This spacer serves the purpose of effectively 
establishing two domains in the molecule: a 
hydrophobic domain which Interacts *W» the 
hydrophobic materials (priniafl ^ - 
binding mechanisms); and a reactive group- 
' presefrtirig^domain, which perr^ to* ; " ' : 




. Polymers that Mncf tfgJMiy to - plastics and - form - 
covafent bonds with the nucteophilic groups of 
proteins (e.g. amino or SH groups) are also 
contemplated, (p. 1 1 , Ins. 28-31 ). 

. w - ■ • Bioprobe further discloses methods for avoiding crossHnking of the 
polymeric materials. For example, Bioprobe discloses that "{wjhereas the direct 
reaction of a reactive dihydrazide (e.g. adiplc dihydrazide) tends to result in the 
formation of insoluble products (probably due to crosslinking), the addition of 
small amounts of hydrophobic hydrazides to the dihydrazide reaction mixture 
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tends to tnhibtt crossfinklng, permitting: a longer reaction time and a more 
complete reaction" Cp. 10, Ins. 14-21). 

In ail of the Bloprobe examples, to prepare the surface of a solid 
phase for binding to Hgands, the coating tnaterial was applied to the solid phase, 
optionally incubated for a period of time, and then washed off (See e.g. p. 12, 
in. 21 - p. 32, in. 18). Table 2 shows resistance to detergent (/.e., Tween-20) of 
two different coating materials (dextrart-hydrazide and dextrarvphenylftydrazide) 
applied to polystyrene rnterotiter plates, (p. 20, Ins. 4*15). For both coating 
materials, at 10% Tween-20. 26.91> aAd ^.74% binding of rabbit anti-HRI? was 
disclosed, (kt.). > « 

As is well settled, anticipation requrtros "identity of invention." 
Glaverbet Sodete Anonyme v. Northlake Mktg. $ Supply, 3$ USPp2c| : 149$, 
1498 (Fed. Cir. 1995). Each and every element recited in a claim must be found 
in a single prior art reference and arrange^ a* In tt^ claim, [emphasis added]. 
In.re Marshall, 198 USPQ 344, 34$ (CCPA W78)i Undemann Maschinenfebrik 
GMBH v. American Hoist ami Derrick Co., .221 U8PQ.4&1, 405 (Fed. Cir ;l 1984). , ; 

Initially, vre rwte, that tte^ 
disclosure from disparate parts of the Btoprobe specification. The taWe betow 
demonstrates that the ; rejection on page 5 of the Office Action pieces together 
snippets of disclosure spanning, pages fhJQ of the Btoprobe disclosure. 

.-Locatioip In Btoprobe n,^- , 

: pg. 3, lines 28-32 ~ ~ 

pg. 4, lines 8-29 
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pg. 6, lines 33*35 



pg. 7, fine 19 



pg. 10, lines 7-21 



pg. 7, lines 30-35 to pg. 8, llhefi 1-2 



page 8, tines 25-35 



pg. 9, Unseize 



■< — rr-r 



rr-r-r 



In short, the rejection relies on nine difiSrent soimd bites frdrn eight different 
pages In an attempt to reconstruct the presently claimed assay platforms, it is 
respectfully submitted that having to string together each disparate disclosures 
does not meet the strict reo^ttnerit of ^ befri0-"iitthged a* rn the claim." For this 
reason atone the rejection snouW W WitrWrawn , l • k 

The rejection alsb appears to n substitute a 'lesser "obvfousneis" 
standard, i.e., whether it would be obvious to look to the various snippets 
identified by the Examinet - to arrive at the claimed rejection. But this type of 
standard shifting is not appropriate in a § 102(b) rejection, which requires not only 
that each and every claimed element be present in a prior art document but also 
that such elements be "arranged as in the claim." The rejection has not - and 
cannot - identify a single citation from Btoprobe containing each and every 
element recited in the rejected claims. Thus, it is respectfully submitted that the 
rejection is legally insufficient to support a rejection under §102(b). 
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Assuming arguendo that the rejection is iegaHy sufficient, which is 
not admitted, we demonstrate below that it! is factually flawed and should be 
withdrawn for the following additional reasons. .•;> ~ . 

The rejection admits that Bioprobe does not disclose a density of 
the polymer matrix on the substrata as recited in; e.g. claim: 1 and that It must 
rely on inherency for that element (Paper Nct> 5 at 5) fit is Inrieient that tt» 
density of tie polymer of the reference would alsofce at least 2 ug/Cirn 5 ^. , 

As is well settled, an Examiner . beats the initial burdert of 
establishing a, prima facto case to deny patentability, in re Piasecki, 223 USPQ 
785, 788 (Fed. Cir. 1984).; To support a rejection based on inherency, an 
examiner must provide factual < and technical grounds establishing that the 
inherent feature necessariiy , flows from the teachings of the prior est Ex parte 
levy, 17 USPQ2d 1461; tJ464v(PBAt 4990).. It is not enough that the asserted 
inherent property may arise from the facts disclosed. In re Oelrich, 212 USPQ 
323, 326 (CCPA 1981) (inherency must flow as a necessary conclusion from the 
prior art, not simply a possible one); and 6/axo Inc. v. Novopharm LfoV, 34 
USPQ2d 1565, 1567 (Red. Cir. 1995) ("Inherency, however, may not be 
established by probabilities or poss$bJB8es. The mere fact that a certain thing 
may result from a given set of drcumstanoes is not sufficient"). • , ti v v < ;! 

t Here, the Examiner's sole basis for the inherency of the claimed "at 
least 2 ug/cm 2 "} element in Bioprobe is the bald assertion that "the polymer binds 
to the substrate." Nothing more Is provided. 
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It is respectfully submitted that the assertion the polymer binds to 
the substrate," without more,* does not meet the evidet$ary burden of coming 
forth with "a basis in fact affg^pnfcal reasoning" to support the inherency 
reasoning. Ex parte Levy, i ff bft at 1464. Simply because the "polymer 
binds to the substrate" does j HB yds a factual basisor shed any Hght on why 
ipso facto, the polymer mustfSSBfe be present on the surface of the substrate 
at a density of "at least 2 Mg|§§| Because the rejectJoh lails to provide any 
facts or technical reasoning to support its ba!£ .assertion, the rejection should be 
withdrawn for this reason as well. • 

Notwithstanding the factual insufficiency of the rejection, we submit 
concurrently herewith a DECLARATION OF OR. WILLIAM KAPPEL UNDER 37 
CFR §1.132 demonstrating that Bioprobe does hot disclose Inherently, or 
otherwise, a density of the polymer matrix on the substrate of at least 2 ug/cnr 
as recited in, e.g. claim 1 . (See Oecl., ffl|8 and 18). 

According to Dr. Kappel, Bioprobe discloses adsorbing a tripartite 
reagent to a substrate by hydrophobic (non-covatent) interactions through the R H 
portion of the reagent (Dec!., ffl10-11). As a consequence of the adsorption of 
the R H portion of the Bioprobe reagent to e.g., a plastic substrate, Dr. Kappel 
states that based on wed known principles of adsorption chemistry, the Bioprobe 
reagent at best forms a monolayer on such a surface. (Dec!., ff 12-14). As Or. 
kappel states, the Bioprobe reagent may be depicted as follows: 
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<Dect.f11). 

Or. KappeJ also demonstrates that lp view of the adsorption of the 
Bioprobe reagent onto ptasjtic surfaces, the density of the Bioprobe reagent on 



.-.ill «.. 



such a surface would be about 300 ng/cm 2 . (Decl. f 15). Or. Kappet also 

c:: it;.-, si.? •.;<.■&>? ft 

observes that the presently claimed minimal polymer matrix density, /.a., "at least 
about 2 ug/cm 2 ," is at least 8ix4M higher than the maximal possible polymer 
density disclosed in Bioprobe. (Decl., f|16-17). 

Thus, Or. Kappet concludes that Bioprobe does not Inherently, or 
otherwise, disclose the *at least 2 ugfcm 2 " element recited by the present claims. 
Based on Dr. Kappel's consideration of Bioprobe and the Examiner's Inherency 
argument, it is respectfully submitted that the Examiner's conclusion that "the 
density of the polymer of the [Bioprobe] reference would be at least 2 ug/cm 2 " is 
flawed. As Dr. Kappet demonstrates, a density of the polymer on the substrate of 
at least 2 ug/cm 2 does not "necessarily flow" from Bioprobe. In fact, it is neither a 
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"possibility" nor a •probability ' Thus, the rejection is factually deficient and must 
be withdrawn for this reason as wett. • a ^ : - 

^ Claims 1-38 havr been rejedsd uwter 36 USG^§f03(8) tas 

unpatentebtewer Bioprobe. (Paper No. 5 at 6-7). Ctatos 22; 24*25 and 33-34 
aiso r have been rejected under 35 USC §103(a) as unpatentable over Bioprobe in 
view of Dobettejfaf, ,UA Patent No. 5,0^7,5^00^), (Paper No. 5at7), . 

For the reasons, set fc#h below, these (i rejec^orts r respectfully are 

traversed. 

Bioprobe is summarteed above, 06beli disclose metal chelate 
resins used for the p^n^ljpn of, e.g. proteins. (Col. %, Ins. 5^).^ metal 
cte^tes^haye-jjhe 8bjuc^uoB.fif; v . VY . . ; p;..-.ec:u '-o - :vw<-k.; u: ^ 

NHHCrt 2 i^COOHH^CH2COOH)2. 
(Col. 2, in. 10). * e 

In making the rejection with respect to claims 1-38, the Examiner 

relied on the same disclosures in Bioprobe identified in the §102(b) rejection. 

(Paper No. 5 at 6). The Examiner acknowledged, however, ttiat Btoprobe differs JSga 

egg 

from the presently claimed invention in that it fails to 'include the features such ~* 

as a glass substrate (Claim 1 1) and the Ugand being a metal chelate (Clairri 24):* ^ 

(Id.). To fiH the acknowledged gap, the Examiner asserted that the features of 5> 

CO 

the dependent claims "are either wed knowli' alternatives or constitute obvious 
variations....* (M. at 6-7). ^ 
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.* In making the rejection with respect to claims 22, 24-25 and 33-34', 
the Examiner relied on the same disclosures in Bioprobe identified In the §102$) 
rejection. (Paper No. 5 at 7). The Examiner acknowledged, however, that 
Bioprobe differs from the presently claimed invention in that it fafts to "specifically 
include a metal chelate as the lig^r«l ' («.). To fiil tr» acl^wfedged gap, the 
Examiner relied on DObeli as teaching "a 'metal chelate for cnromatography 
purification of proteins .v^(/d.). r-irc-.on or !•■•■ •i^n- &f. .hws.-.*. w»o 

" s 6xamfr>er then would haw o^n obvious to 

... modify the assay tfatforrn of Bloprooe by^lnclud&ig [the] metal "ichbiel as 
taught by Odbefi...." (ft.). L ' 

As noted above, the Examiner bears the initial burden of pre^entirlg 
a prima facie case of unpatentability. If the Examiner cannot meet trite burden, 
the applicant is emitted to a patent, fn re Piasecki, 223 tlSF»Q 1$7& Wrh re 
dee** 24US>Q$ l443. i^^M^'^' r,r ' *» * ??mm ^ * 

It is fundamental thafca prima facte case of obviousness must be 
based on facts, "bold hard facts* In re Freed, 165 USPQ 570. 571-72 (£&PA 
1970). Wnen tr» rejection is m Ex parte 

S&e/na* 27 USPQ2o^^ '"' • 

* ' Hera, eaxih of the §ld5" rejections is infirm, ar^'must^'w^Jra^li 
for at feast the 8art>e reasons Identified above with respect to the § 102(b) 
rejection, namely thai the Examiner's reliance on inherency to 'meet the "at least 
2 lig/cm 2 " lement of, g., claim 1 Is factually anil legally insufficient As Or. 
Kappel explains in his Declaration, at best Bioprobe discloses coaling a surface 

o 

NY01DOCSVJ1 8547.1 15 



CO 



of a substrate with a reagent to a density of about SOOrtg/cm 2 , which is, at a 
minimum, six-fold less than the amount recited in the present claims. (Deck 
mi6-17). Neither,v§103 rejection tilts this gap in Bfoprobe identified cby Or. 
Kappel Thus, as a matter of fact and law, bom §103 rejections must be 
withdrawn. In m Robertson, 49 USPG2d 1949. 1951 (Fed. Cir. 1999) ("The^lack 
of novelty' upon which the Board based its conclusion of obviousness, however, 
was its finding of anticipation. Our rejection of that finding eliminates the sole 
basis of the Board's obviousness determination, whfch therefore cannot stand."). 

; For completeness, we identify below additional bases that require 
both §103 rejections to be withdrawn. - 

As is welt settled, suggestion or motivation to make a combination 
as claimed must also be based on factual evidence. The "case law makes dear 
that the best defense for guarding against a hindsight-based obviousness 
analysis is the rigorous application of the requirement for a showing of a 
teaching or motivation to combine" *e references applied. Eeotoohem Inc. v. 
Southern California Edison, 56 USPQ2d 1065, 1073 (Fed. Cir. 2000); and see In 
re Dembiczak, 50 USPQ2d 1614. 1617 (Fed. Cir. 1999) ("Combining prior art 
references without evidence of such a suggestion, teaching, or motivation 
simply takes the inventor's disclosure as a blueprint for piecing together the prior 
art to defeat patentability-the essence of hindsight"). 

Even when a rejection is based on a single reference, such as the 
rejection of claims 1-38 over Bioprobe alone, "there must be a showing of a 
suggestion or motivation to modify the teachings of that reference." In re Kotzab, 
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55 USPQ2d at 1317. And there Also n mist *a avMsfica that a skflted artisan, 
confronted with the same problems as the inventor and with no knowledge of the 
claimed invention, would setter the elements from the cited prior art (reference] 
for combination in the manner claimed* Ecotochem Inc. v. Southern CaSfomia 
Edison, 56 USPQ2d at 1076 {citing In re Rouffet, 47 USPQ2d 1453, 1456 (Fed. 
Or. 1898)). „ . ..'.,;.„., =p--v:,-..V. •;, o<r.<>: '. 

k Here, neither Btoprobe alone nor Bioproba in combination with 
Ddbetl suggest or provide a motivation to use a polymer density, on a substrate of 
"at least 2 pg/cm 2 " as claimed. Rather, when considered as a whole, Bioprobe 
discloses anchoring the reagent to a substrate by adsorption. Using the 
adsorption mechanism as disclosed in Bioprobe, however, Or: Kappa) explains 
that achieving the "at least 2 ug/cm 2 " as claimed is not possible. And, the 
Examiner has provided no evidence or technical reasoning to explain why one 
would depart from the Bioprobe method for anchoring the reagent to a substrate 
surface. Nor does the Examiner explain with evidence or technical reasoning 
why the density of polymer on the substrate surface that is achieved, 
approximately 300 ng/cm 2 , needs to be modified, let atone modified to the 
specific density recited in the claim • "at least 2 ug/crrrV For these reasons as 
wed, the §103 rejections are deficient and should be withdrawn. 
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In view of the foregoing, reconsideration, entry of the amendments, 
consideration of the DECLARATION OF DR. WILLIAM KAPPEL UNDER 37 CFR 
§1.132 and allowance of the claims, respectfully is requested, the Examiner 
has any questions regarding this paper, please contact the undersigned. 



I hereby certify that this correspondence Is 
being deposited wife the United States 
Postal Service as first class mafl in an 
envelope addressed to the Commissioner 
For Patents, Washington, D.C. 20231, on 
January 29, 2003. 



Kevin C. Hooper 



By 




Kevin C. Hooper 
Registration No. 40,402 
BRYAN CAVE LLP 
245 Park Avenue 
New York, New York 
(212)692*1800 
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In re Application of : 
U.S. Serial No.: 
For: 



Jonffuapron et a/. c 1 * 
09/854,638 

HIGH CAPACITY ASSAY PLATFORMS 



"Marked Up" Amendments to Claims Pursuant to Rul 1.121(c) 

1. (Amended) An assay platform comprising a substrate and a 
polymer matrix attached to the substrate, wherein the polymer matrix binds to [is 
capable of binding] target molecules through a binding ligand . wherein the 
polymer matrix comprises a plurality of polymer molecules, wherein at least some 
of the polymer molecules are covalently attached directly to the substrate, 
wherein at least some of the polymer molecules are crosslinked to other polymer 
molecules, wherein at least some of the polymer molecules have at least one 
binding ligand covalently attached thereto, and wherein the density of the 
polymer matrix on the substrate is at least 2 ^g/cm 2 . 

10. (Amended) The assay platform according to claim 1 wherein 
the substrate is a Matrix Assisted Laser Desorption Ionization ( MALDD plate. 

16. (Amended) The assay platform according to claim 1 wherein 
the polymer matrix binds to [is capable of binding] target molecules having a 
molecular weight of less than 3.5 kDa in an amount of at least 1 nanomole/cm 2 . 

17. (Amended) The assay platform according to claim 1 wherein 
the polymer matrix binds to [is capable of binding] target molecules having a 
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In re Application of : JonfTOapron et alt 1 ♦ 
U.S. Serial No.: 09/854,638 

For: HIGH CAPACITY ASSAY PLATFORMS 

molecular weight of 3.5 kDa to 500 kDa in an amount of 0.5 ng/cm 2 to 20 
ng/cm 2 . 

18. (Amended) The assay platform according to claim 1 wherein 
the polymer matrix binds to [is capable of binding] target molecules having a 
molecular weight of 10 kDa to 500 kDa in an amount of 1 jag/cm 2 to 20 jag/cm 2 . 

19. (Amended) The assay platform according to claim 1 wherein 
the polymer matrix binds to [is capable of binding] target molecules having a 
molecular weight of 10 kDa to 350 kDa in an amount of 2 |ig/cm 2 to 20 ^ig/cm 2 . 

20. (Amended) The assay platform according to claim 1 wherein 
the polymer matrix binds to [is capable of binding] target molecules having a 
molecular weight of 10 kDa to 350 kDa in an amount of 3 jag/cm 2 to 15 ^ig/cm 2 

21. (Amended) The assay platform according to claim 1 wherein 
the polymer matrix binds to [is capable of binding] target molecules having a 
molecular weight of 10 kDa to 350 kDa in an amount of 4 jig/cm 2 to 10 jig/cm 2 . 

22. (Amended) The assay platform according to claim 1 wherein 
the binding ligand binds to [is capable of binding] a polypeptide target molecule. 
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In re Application of : Jofffrbapron et a/.' ' • 
U.S. Serial No.: 09/854,638 

For: HIGH CAPACITY ASSAY PLATFORMS 

23. (Amended) The assay platform according to claim 1 wherein 

the polymer matrix binds to [is capable of binding] polypeptide target molecules 

c 

r having a molecular weight up to 350 kDa in an amount of at least 2 ^.g/cm 2 . 

26. (Amended) The assay platform according to claim 1 wherein 
the binding ligand binds to [is capable of binding] a polynucleotide target 
molecule. 



27. (Amended) The assay platform according to claim 1 wherein 
the binding ligand binds to a [is capable of binding] mRNA targe^cnplecule^ 

28. (Amended) The assay platform according to claim 1 wherein 
the binding ligand binds to [is capable of binding] a DNA target molecule. 

* if* i 'h 



or; 
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Cole-Parmer Technical Library 

www.coleparmer.com ■ 1-800-323-4340 

Principles in Adsorption to Polystyrene 

(Bulletin No. 6, Second Edition 1997) 

When considering the binding capacity of adsorbant plastic surfaces 
for bio-macromolecules, one must distinguish between the total 
amount of molecules that can be bound to the surface and the amount 
that can be bound and still remain biologically active. Both quantities 
are very much dependent on the nature of the molecules and the 

character of the surface. 

Reprinted with permission of Nalge Nunc International 

Ads orption Forces Adsorb ing S urface s Geometric Est imation Ex p erimenta l Estima t io n 
Dis cussion Table 1 Gr a phs (Fig s. 1 - 12 ) 



Adsorption Forces 

The adsorption of molecules to a polystyrene surface is due to intermolecular attraction forces (van 
der Waals forces), to be distinguished from "true" chemical bonds, i.e. covalent bonds (through 
electron share) and ionic bonds (through stoichiometric charges of opposite signs), see F|cb_l. 

Intermolecular attraction forces are based on intramolecular electric polarities of which two types 
can be distinguished: alternating polarities (AP) and stationary polarities (SP), i.e. dipoles. 

AP arises when molecules approach each other, thereby creating disturbances in each other's 
electron clouds. This causes synchronously alternating polarities in the molecules, which may 
establish a bond between them, as illustrated in Fig. 2 . 

AP mediated binding is a common substance property, which is obviously the stronger, the larger 
the molecules implied. This is demonstrated by the fact that melting and boiling points increase 
with number of carbon atoms in the non-polar hydrocarbon series. Indeed, it is due to this force 
that non-polar molecules at all aggregate into liquids and solids. 

In addition to the AP attraction forces, molecules may possess SP (stationary polarity) through 
which they can bind to each other simply by bedding dipole against dipole, as illustrated in Fig. 1 
la).. 

Compared with SP, AP attraction decreases drastically with increasing distance between the 
molecules. Thus, AP attraction is inversely proportional to the seventh power of the distance, 
whereas SP attraction is inversely proportional to only the second power of the distance. Hence, the 
former has a much shorter range than the latter. 

In general, van der Waals mediated bonds are about 100 times weaker than ionic and covalent 
bonds. However, among SP mediated bonds the hydrogen bond takes up an exceptional position 
because it is up to 10 times stronger than the others and because of its crucial importance for the 
properties of water and for the specific behaviors of bio-molecules. 

Chemical groups, which can take part in hydrogen bonding, in particular -OH, =OH, -NH 2 , =NH, 
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=N, are called hydrophilic, as opposed to hydrophobic groups lacking this ability. Accordingly, 
hydrogen bonds may be called hydrophilic bonds, as opposed to AP mediated bonds, which are 
called hydrophobic bonds. The AP mediated attraction is also called hydrophobic interaction. 

Go to Top 



Adsorbing Surfaces 

The Nunc-Immuno® program includes two different types of adsorbant polystyrene surfaces, the 
POLYSORP® and the MAXISORP® surface. Whereas PolySorp predominantly presents hydrophobic 
groups, MaxiSorp has in addition many hydrophilic groups, which results in a fine patchwork of 
hydrophobic and hydrophilic binding sites. 

In aqueous medium, a repelling effect exists between the PolySorp surface and hydrophilic 
macromolecules (i.e. rich in hydrophilic groups), because these molecules will rather tend to 
intermingle with the water molecules (i.e. be dissolved) by the strong hydrogen bonds than bind to 
the surface by the weak hydrophobic bonds. 

On a MaxiSorp surface, however, adsorption of hydrophilic macromolecules will be greatly 
facilitated, because not only can this surface compete with the water molecules for binding the 
macromolecules by hydrogen bonds, but the molecules can also be captured from a much longer 
distance by the long-range hydrogen bond forces for establishment of both hydrogen bonds and 
eventually hydrophobic bonds (see Fig.^3). 

On the other hand, hydrophobic macromolecules (i.e. deficient in or lacking hydrophilic groups) can 
only be loosely adsorbed to MaxiSorp, because this surface tends to bind water molecules by 
hydrogen bonds, against which the macromolecules cannot compete and therefore exhibit poor 
ability for displacing water molecules and hydrophobic adsorption free from water pocket 
interruptions. 

On a PolySorp surface, however, no hindrance exists for stable hydrophobic adsorption of 
hydrophobic molecules, except that they may not be applicable in purely aqueous medium, 
wherefore addition of or substitution with detergent or organic solvents (e.g. ethanol or hexane) 
may be needed. 

In summary, when no attention is paid to maintenance of specific activities, hydrophobic 
compounds bind preferably to PolySorp, and hydrophilic compounds preferably to MaxiSorp (see 
Iable_i). However, with MaxiSorp binding events are more likely to occur, which means that 
adequate incubation conditions are more easy to establish— a fact that may extend the MaxiSorp 
application range well into the theoretical PolySorp domain. Nevertheless, considering the 
maintenance of the specific activities of the molecules (e.g. enzymatic, immunologic), which of 
course is crucial, the specific sites may well be obscured, impaired or destroyed through the binding 
to the surface. 

Therefore, when constructing a solid phase assay, it is generally recommended to try adsorption to 
MaxiSorp first. If this does not work satisfactorily, it may be due to molecular malfunction, and one 
should then try PolySorp whereby specific activities may be maintained because of the different 
binding mechanism to this surface. 

However with PolySorp, where molecules must come very close to the surface to establish 
hydrophobic bonds, one must anticipate more demanding incubation conditions, such as higher 
reactant concentration, longer duration, higher temperature, (more) agitation, to obtain adsorption 
efficiency comparable with MaxiSorp. 

As mentioned above, van der Waals mediated bonds are relatively weak, wherefore they may be 
insufficient for stable bonding when they are few in number, i.e. when the molecules are small. For 
binding of small molecules, strong chemical bonds are needed. Ionic bonds would not do, because 
they normally dissociate in aqueous solution, leaving covalent bonds as the only possibility for 
direct, stable binding of small molecules. However, this difficulty may be overcome by using small 
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molecules linked to (indifferent) carrier macromolecules. Small molecules would in this context be 
e.g. peptides of less than 10 amino acids (corresponding to about 1500 dalton). 
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Geometric Estimation 

Before making any experimental estimates of binding capacities on solid phase surfaces, it is worth 
making an estimate from geometric considerations of how many molecules can maximally be 
packed in one layer on a surface. 

Taking immunoglobulin G antibody (IgG) as an example, and assuming that it is globular and 
packed in the densest monolayer packing (Fig. 4), the amount Q GL0BE per cm 2 will be: 

Qglobe = 2/> ^ # MW/N * x /( 2r ) 2 • 10 9 ng/cm 2 = 300 ng/cm 2 
where: 

MW = molecular weight of IgG = 153,000 g « mole" 1 
N - Avogadro's number = 6 • 10 23 mole" 1 

R - T 20 

r = Stokes radius of IgG = cm 

6 • n • n 20 ° D 20 * N 

R = gas constant = 8.3 * 107 g • cm 2 • sec" 2 • °K _1 • mole" 1 
T 20 = room temperature (20°C) = 293°K 

n 20 = viscosity of water at 20°C = 1 • 20" 2 g « cm" 1 ♦ sec" 1 

D 20 = diff. coeff. of IgG ref. to water at 20°C = 4 • 10" 7 cm 2 • sec" 1 

However, according to various sources, the IgG molecule is rather a lens-shaped spheroid with a 
diameter, d, of about 15 nm and a thickness, t, of about 3 nm as illustrated in Fjg,_5.. 

Assuming the densest packing of these spheroids in "upright" or "lying" position (Fig. 6 ), the 
respective Q LENS values will accordingly be: 

Upright position: 

Qlens = # MW/N * 1q9 * 1/td - 650 n 9/cm 2 
Lying position: 

Q LENS = 2/y/3 • MW/N • 10 9 • 1/d 2 = 130 ng/cm 2 

So, for geometrical reasons alone, the maximum amount of monolayer IgG that can be bound on a 
surface is 650 ng/cm 2 . If an average is taken between the two Q LENS figures, the final estimate 

would be 400 ng/cm 2 . 

Assuming that molecular weight is proportional with volume, Q will not change considerably within 
wide molecular weight limits, other things being equal, because of the low power relationship 
between volume and profile area of a body. Fig. 7 illustrates the relationship between Q and 
molecular weight for globular molecules. 
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Experimental Estimation 

Let us, as an example, stay with IgG, a glycoprotein with a structure shown schematically in Fig. 8 . 

On a MaxiSorp surface, one would expect an orientated adsorption in favor of exposing the antigen- 
recognizing sites, because this surface would favor a binding through the hydrophilic carbohydrate 
moiety associated with the non-recognizing leg of the molecule. 

On a PolySorp surface, on the other hand, one would expect an adsorption in favor of obscuring the 
antigen-recognizing sites, because of the repelling effect between this surface and the carbohydrate 
moiety. 

To investigate the actual adsorption conditions, the following experiment was designed (see Fig. 9 ): 

PolySorp and MaxiSorp MicroWell® surfaces were coated with a dilution series of specific 
antibodies, starting with a concentration C well above saturation concentration, or with a 
corresponding dilution series mixed with unspecific antibodies to a constant total of C. The relative 
amount of specific antibody adsorbed in each case was determined by a sandwich ELISA for the 
antigen in question using excess antigen and excess HRP-conjugated specific antibodies. 

When it is assumed that equal signals means equal amounts of specific antibody adsorbed in both 
dilution series, the quantity B/C is the fraction of the saturation concentration S formed by the 
maximum signal concentration A, 

i.e. A = S • B/C, or S = A/B • C 

In Fig . 10 are shown the results from experiments, designed as above, with four antibodies of 
different specificities. From the seemingly constant curve distances for MaxiSorp (MS) and PolySorp 
(PS) respectively, it is concluded that the adsorptions are independent of antibody specificity, and 
that they amount to the following quantities: 

Qms = a ms/ b ms • C • V/F • 10 3 = 650 ng/cm 2 

Q PS = A ps /B ps • C • V/F • 10 3 = 220 ng/cm 2 

where: 

A M S / B MS = i/ 20 
A ps /B ps = 1/60 

C = max. IgG cone. = 100 ug/ml 
V = reactant volume = 0.2 ml 
F = surface area = 1.54 cm 2 

Go to To p 



Discussion 

Whereas Q MS is identical with the geometric maximum estimate for upright molecules, Q PS is only 
one third hereof, which can be explained by assuming that on PolySorp upright and lying molecules 
are present in equal numbers, as illustrated in Fi g. 11 . 

Because each IgG antibody can maximally bind two antigen molecules, this PolySorp decrease in 
number of adsorbed antibodies would have the greater effect, the smaller the antigen molecules are 
compared with the antibodies, as illustrated in Fig. 12 . This could, partly at least, explain the very 
low PolySorp signals for AFP, which has a molecular weight of less than half the weight of IgG, 
whereas the other antigens have 3 to 5 times the weight of IgG. 
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In addition, the variation of PolySorp to MaxiSorp maximum signal ratios may be due to differently 
obstructed affinities through the antibody adsorption to PolySorp, and/or due to different antibody- 
antigen affinities from one system to the other. In the ferritin system, the affinity seems relatively 
high since there is a long delay before maximum signal decline on MaxiSorp, which may be 
consistent with the high PolySorp maximum signal, i.e. the higher the affinity, the less it is 
obstructed by antibody adsorption to PolySorp. 
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Table 1 

Theoretical PolySorp and MaxiSorp preferences for adsorption of various bio-macromolecules. 
POLYSORP MAXISORP 



Proteins and Peptides* 
Lipoproteins Glycoproteins 
Compound lipids Compound polyglycans 

Lipids Polyglycans 

♦Surface preference is dependent on predominance of hydrophobic or hydrophilic amino acid 
residues in the molecules. 



Graphs 
Fig. 1 
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The four main types of possible bonds between macromolecules. "True" 
chemical bonds are represented by a covalent disulphide bond (b) and an ionic 
bond between a carboxyl ion and an amino ion (c). Van der Waals mediated 
bonds are represented by a hydrogen bond between two dipoles (a) and an 
alternating polarity bond between hydrocarbon residues protruding from the 
macromolecules* backbones (d), where the encircled area indicates a water- 
deprived zone. 
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Fig. 2 
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Schematic illustration of how synchronously alternating polarities (AP), 
created by reciprocal electron cloud disturbances in approaching molecules, 
can establish a bond between the molecules. Transient, minus-charged 
electron cloud condensations in one molecule will attract reciprocally exposed, 
plus charged nuclear regions in the other molecule. 
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Fig. 3 



Schematic illustration of how a hydrophilic macromolecule can be firmly 
adsorbed to MaxiSorp by "squeezing" out the water between the molecule and 
the surface through the combined action of hydrogen bond and AP bound 
forces. 
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Fig. 4 
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Fig. 4 




The densest monolayer packing of globular 
molecules seen from above. The factor 2/y/3 in 
the text formulas for surface binding capacities 
originates in this non-quadratic pattern. 
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Fig. 5 



Fig. 5 



















The Y-shaped IgG antibody will approximately take up the 
volume of a lens-shaped spheroid with a diameter of 15 
nm and a thickness of 3 nm. 
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Fig. 6 
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Profiles of the densest IgG packings on a surface illustrating the density 
ratio of 5 to 1 between molecules packed in upright position (above) and 
in lying position (below). 
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Fig. 7 
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1000 




700 

MW dalton in thousands 



Relationship between monolayer weight density (Q) and molecular weight (MW) of globular 
molecules illustrating that within a 10-f actor MW range Q will roughly vary within only a 2 -factor 
range. The curve is extrapolated on the basis of an idealized IgG molecule with an MW of 153,000 
(dashed lines). 
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Fig. 8 
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Schematic illustration of the ZgG antibody structure. Note the 
carbohydrate moiety (at C) associated with the leg opposite the 
antigen binding sites (at A) of the molecule. 
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Fig. 9 



Fig. 9 / 
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Log opoeUIc antibody ©one In cooling liquid 

Expected results from ELISA experiments with a 
dilution series of first layer specific IgG- 
antibodies, starting with a concentration C well 
above surface saturation concentration S (left 
sigmoid curve), or with a corresponding dilution 
series mixed with unspecific IgG to a constant 
total of C (right sigmoid curve). The ratio 
between S and C is A/B, which is represented by 
the distance between the two curves (dashed 
lines). 
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Fig. 10 



3000. 



3OO0L. 




Specific antibody cone. //gftnL 

Results from experiments prospected in Fig. 9 with four different antibody/antigen systems on MaxiSorp 
(open symbols) and on PolySorp (filled symbols). I: ferritin antigen (MW 440,000); II: fibronectin antigen 
(MW 450,000); III: thyroglobulin antigen (MW 670,000); IV: AFP (a - foeto- protein) antigen. Note the 
seemingly constant curve distances for MaxiSorp and PolySorp respectively, regardless of the system in 
question. See text and Fig. 9 for further explanation. 
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Fig. 11 
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Profiles of IgG adsorption patterns on MaxiSorp (above) and 
PolySorp (below) which can explain the experimentally found 
ratio of 3 to 1 between the densities on the respective 
surfaces. 



Go to Top 



Fig. 12 



Fig. 12 







Profiles of second layer (antigen) binding to antibody-coated MaxiSorp (above) and PolySorp 
(below) surfaces illustrating how the presumptive difference between the IgG adsorption 
patterns may imply a PolySorp decrease in bound amounts of small antigen molecules (left), 
but not of large antigen molecules (right). It should be noted that the third layer consisting 
of HRP-conjugated antibodies would hardly influence the detection of this phenomenon, as 
HRP is a relatively small molecule (MW 40,000). 
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Related Links 



As pects of Nunc Maxisorp Microwell Certification (Bulletin No. 4, Second Edition 1997) 

Negative Edg e Effect in Microwell® Elisa 

Stability of Nunc-Immuno(3) Maxisorp(5) Surfaces 

Nunc 384-Well Plate Design and Performance Evaluation 
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Principle 



Examples 



Advantages 



Limitations 



PhysicochcmicaJ 
properties of 
antibody orligand 

Chemicai/firactrooal . 
precipitation 



Adsorption 



Immunology 



Solid phase 



Chromaioelcctropboiesis (search gel ' 
, cellulose acetate^ potyaerylunide : 
gel) t gel filtration (column or batch) 

Ammonium or sodium sulfate 0 * 
trichloroacetic acid, ethanol b f 

. dioxane, polyethylene glycol 
(PEG)*, cross-linked dextnn' 

Coated charcoal, silicate^ 
hydroxynpaiite > 



Double or second antibody 
precipitation* 1 (Applicable to 
both soluble liquid and solid- 
phaao systems), protein A 

Coated particles, tnorabnuies, 
discs, magnetic particles, tubes, 
microiiterplatcs, paddles, etc. 



Generally applicable, wcU 
researched 

Inexpensive, Tost, generally 
applicable, well researched 



Inexpensive, faff, generally 
applicable, well researched 



Specific, fast, generally , 
applicable, well researched 



Slow, equipment intensive, requires 
high level skills, complex steps, 
very low throughput 

Multistep prooedure, tese 
performance suffers due to num- 
ber of steps, messy reagents, re- 
quires a degree of laboratory skills 

Multistep procedure, test 
peribmanee suffers because of a 
number of steps, messy reagents, 
requires a degree of laboratory 
skill 

Multistep, requires 
centrifbgarion 



Easy, eliminates steps, improves Higher cost per test, kinetics 



performance, requires fewer 
skills, easier t automate, many 
product configurations, some 
eliminate handling and allow 
faster kinetics because of 
increased protein binding 



are generally slow, large 
sample volumes 



'At concentrations of £ 200 g/L 
Hjiudly at 70% eoocentiidon ar -20*C. 
'Binds tree mutton. 

^iu or without PEG. 
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ENZYME IMMUNOASSAYS 

From Concept: to Product Development 

This unique reference provide a pragmatic approach to the development 
of successful commercial immunodiagnostic products based on enzyme 
immunoassay technology. Presenting both basic and applied principles, 
Enzyme Immunoassays gathers information on all aspects of clus process, 
from the initial conceptualization to the introduction of the product to the 
market. 

Skillfully organized into two parts, this comprehensive resource begins by 
discussing basic concepts, such as the classification, structure and function 
of antibodies and the properties and characteristics of the most widely 
used enzymes in immunoassays. The second section examines the 
industrial product development process, including a detailed outline of 
various protocols and points to be considered for designing a successful 
product. Described in this section arc the various formats available tor 
product development, reagent formatting and assay development, data 
processing, standardization, scale up, and commercial manufacture of the 
product. Also included are the various regulatory requirements, die 
importance of good laboratory and manufacturing (GLP and I GMP) 
practices, and international requirements such as the ISO SOOU 
certification process. Finally, information is presented for the benefit of 
entrepreneurs who would like to venture into this exciting field with 
chcir own company. 

With over 75 illustrations and 40 tables, Enzyme Immunoassays is an 
incomparable reference for scientists, technologists, and analytical 
chemists working in the field of immunodiagnostics at all levels, as well as 
for V pper4evel undergraduate and graduate students in life sciences fields 
in order to understand ,the basic concepts and principles involved in 
developing rapid assay techniques. 

S. S. Desnpande, Ph.D. is: the Senior Scientist and Group Leader at 
Idetek, Inc. in Sunnyvale, California. 



